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(57)  An ECPR master electrode (100, 400) is provid-
ed, comprising a circular carrier element (101) having an
electrically conducting electrode surface (106) on a back
side (104) and a topographical pattern (107, 407) with
an atleast partly electrically insulating top (108) on a front
side (105) of said carrier element (101), said topograph-
ical pattern comprising a plurality of electrochemical cells
(109) in said carrier element (101), each one of said elec-
trochemical cells comprising a bottom (111) and at least

one side wall (112), said bottom having an electrically
conducting surface (113) being conductively connected
to the electrically conducting electrode surface (106)
through the carrier element (101), wherein said topo-
graphical pattern (107, 407) comprises a chip pattern and
a dummy pattern, and wherein said chip pattern is dis-
tributed across a device area (301, 401) comprising at
least one rectangular chip area (303, 403), while said
dummy pattern is distributed across a dummy area (302,
402) surrounding said device area (301, 401).
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to an ECPR mas-
ter electrode, and a method for providing such master
electrode. More particularly, the presentinvention relates
to a circular ECPR master electrode.

BACKGROUND ART

[0002] WO 02/103085 and WO 2007058603 relate to
an electrochemical pattern replication process, ECPR,
and the construction of a master electrode for production
of appliances involving micro and nano structures using
ECPR. An etching or plating pattern, which is defined by
the master electrode, is replicated on an electrically con-
ductive material, commonly denoted as a substrate. Dur-
ing ECPR, the master electrode is put in close contact
with the substrate and the etching/plating pattern is di-
rectly transferred onto the substrate by an etching/plating
process. The contact etching/plating process is per-
formed in local etching/plating cells, which are formed in
cavities between the master electrode and the substrate.
[0003] The cavities are provided as electrochemical
cells having an open end at the upper surface of the mas-
ter electrode, and extending downwards. Hence, the up-
per surface of the master electrode includes a topograph-
ical pattern defining at least one electrochemical cell,
wherein the bottom of each cell is provided with an elec-
trically conducting material. During ECPR, each cell is
filled with an electrolyte solution, for allowing conducting
ions of the conducting material to be transferred from the
bottom of each cell to the substrate to be patterned.
[0004] Theareabetweenthe electrochemicalcells,i.e.
the uppermost area of the topographical pattern of the
master electrode is provided with an insulating layer for
preventing unwanted parasitic currents during the ECPR
process. Hence, ECPR will only provide pattern transfer
at the positions being defined by the electrochemical
cells.

[0005] Before the master electrode is used in the
ECPR, the electrochemical cells need to be prefilled with
a conductive material. Usually, the thickness of the pre-
filled material is in the range of 0,5 to 10 micrometers,
depending on the specific application. During the ECPR
the conductive material is transferred from the bottom of
the electrochemical cells of the master electrode to the
substrate being plated. Thus, when the master electrode
is separated from the processed substrate the prefilled
conductive material is arranged on the substrate.
[0006] The master electrode may be made of a carrier
element of a durable material, since the master electrode
should be used for a plurality of processes of etching or
plating. One such material is Si, which allows the master
electrode to be manufactured by well established and
high yield semiconductor processes. Consequently, in
many cases circular Si wafers form the carrier elements
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of ECPR master electrodes.

[0007] For the chip industry, the topographical pattern
of the master electrode may be arranged in a planar dis-
tribution across the master electrode surface, wherein
the planar distribution includes a number of rectangular
sub-areas. In such application, each rectangular sub-ar-
ea may define a chip. Hence, the master electrode may
be provided with a topographical pattern being periodic
and defining a plurality of adjacently arranged rectangu-
lar chips. The rectangular shape of each chip is usually
necessary because of the need for facilitated dicing and
chip separation later in the device manufacturing proc-
ess.

[0008] During ECPR, current will flow radially through
the master electrode to the seeded substrate and out via
an external connection at the edge of the substrate. If
the pattern density across the master electrode is exhib-
iting variations close to the edge of the circular carrier
element, this may result in uneven plating thickness
across the substrate being processed by ECPR due to
non-uniform current flow. Thus, the chips having a posi-
tion corresponding to the central part of the master elec-
trode will be different from the chips having a position
corresponding to the more peripheral part of the master
electrode. Quality may therefore vary between different
chips.

SUMMARY OF THE INVENTION

[0009] Accordingly, the presentinvention seeks to mit-
igate, alleviate or eliminate one or more of the above-
identified deficiencies and to provide an improved ECPR
master electrode as well as a method for manufacturing
such master electrode.

[0010] Itis anobject of the present invention to provide
a circular ECPR master electrode to be used in rectan-
gular chip fabrication.

[0011] Itis a further object of the present invention to
provide a method for manufacturing such master elec-
trode using a simple lithographic process, which may be
done by standard semiconductor process equipment.
[0012] Itis a further object of the present invention to
provide a method for manufacturing such master elec-
trode while allowing for uniform quality of the manufac-
tured chips.

[0013] Itis an idea of the present invention to provide
a circular ECPR master electrode having a first topo-
graphical pattern defining electrochemical cells arranged
in a periodic rectangular pattern, and a second topo-
graphical pattern arranged at the periphery of said first
topographical pattern for creating a peripheral part of the
topographical pattern.

[0014] According to a first aspect of the invention an
ECPR master electrode is provided. The master elec-
trode comprises a circular carrier element having an elec-
trically conducting electrode surface on a back side and
a topographical pattern with an at least partly electrically
insulating top on a front side of said carrier element, said
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topographical pattern comprising a plurality of electro-
chemical cells in said carrier element, each one of said
electrochemical cells comprising a bottom and at least
one side wall, said bottom having an electrically conduct-
ing surface being conductively connected to the electri-
cally conducting electrode surface through the carrier el-
ement, wherein said topographical pattern comprises a
chip pattern and a dummy pattern, and wherein said chip
pattern is distributed across a device area comprising at
least one rectangular chip area, while said dummy pat-
ternis distributed across a dummy area surrounding said
device area.

[0015] Said device area may comprise a plurality of
adjacently arranged rectangular chip areas. Hence, step-
per or scanner technology may be utilized for defining
the device area.

[0016] Said dummy pattern may be arranged as a pe-
riodic repetition of a predetermined pattern density which
is advantageous in that the pattern density of the dummy
pattern may be easily determined and adjusted for dif-
ferent chip patterns.

[0017] Said dummy area may be terminated by a cir-
cular periphery. Hence, the dummy pattern will be angu-
larly symmetrical and consequently provide similar effect
on the ECPR process on the complete substrate area.
[0018] Said dummy area may comprise a plurality of
sub dummy areas, wherein the dimensions of each sub
areais less than the dimensions of the chip areas. Hence,
scanner or stepper technology may be utilized for defin-
ing the dummy area.

[0019] The topographical pattern may be extending ra-
dially across the front side of said carrier element from a
centrally aligned position towards the edge of said carrier
element, and wherein the carrier element comprises an
annular recess outside the circular topographical pattern.
Said annular recess may extend to the edge of the carrier
element. This is advantageous in that enough room is
provided such that the substrate may be electrically con-
tacted during ECPR, i.e. when the substrate is in close
contact with the master electrode.

[0020] According to a second aspect of the invention,
a method for providing an ECPR master electrode is pro-
vided. The method comprises the step of providing a cir-
cular carrier element having an electrically conducting
electrode surface on a back side and a topographical
pattern with an at least partly electrically insulating top
on afront side of said carrier element, said topographical
pattern comprising a plurality of electrochemical cells in
said carrier element, each one of said electrochemical
cells comprising a bottom and at least one side wall, said
bottom having an electrically conducting surface being
conductively connected to the electrically conducting
electrode surface on the back side through the carrier
element, wherein the step of providing said topographical
pattern comprises distributing said topographical pattern
across a chip pattern and a dummy pattern, and distrib-
uting said chip pattern across a device area comprising
at least one rectangular chip area, while distributing said
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dummy pattern across a dummy area surrounding said
device area.

[0021] Said topographical pattern may be provided by
a first lithography process defining said device area, and
a second lithography step defining said dummy area.
[0022] Said first or second lithography process may be
a stepper or scanner process.

[0023] The method may further comprise the step of
providing an annular recess extending from the edge of
the carrier element towards the dummy area.

[0024] The advantages of the first aspect of the inven-
tion are also applicable for the second aspect of the in-
vention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Hereinafter, the invention will be described with
reference to the appended drawings, wherein:

Fig. 1 is a top view of an ECPR master electrode;
Fig. 2 is a side view of a master electrode and a
substrate during ECPR;

Fig. 3 is a schematic top view of a master electrode
according to an embodiment; and

Fig. 4 is a schematic top view of a master electrode
according to a further embodiment.

DESCRIPTION OF EMBODIMENTS

[0026] Below, several embodiments of the invention
will be described with references to the drawings. These
embodiments are described in illustrating purpose in or-
der to enable a skilled person to carry out the invention
and to disclose the best mode. However, such embodi-
ments do not limit the invention, but other combinations
of the different features are possible within the scope of
the invention.

[0027] Some general remarks are given below with re-
gard to the master electrode and methods of forming the
master electrode. Several methods are described for
forming a master electrode that can be used for producing
one or multiple layers of structures of one or multiple
materials including using the ECPR technology de-
scribed below. The methods generally include: forming
a master electrode from a carrier element which is con-
ducting and/or semiconducting in at least some parts;
forming a conducting electrode layer which functions as
anode in ECPR plating and cathode in ECPR etching on
a front side of the master electrode; and forming an in-
sulating pattern layer that defines the cavities in which
ECPR etching or plating can occur in the ECPR process
on said front side, such that conducting electrode surface
(s) is/are obtained in the bottom of the cavities; in a way
that makes possible electrical contact from an external
power supply to the back side of the master electrode for
allowing electron transfer through the master electrode
to the front side thereof to the conducing electrode sur-
face(s), such that said surface(s) will constitute anode(s)
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in ECPR plating and cathode(s) in ECPR etching.
[0028] Now referring to Fig. 1, a top view of a master
electrode 100 is shown. The master electrode 100 is
formed by an at least partly electrically semiconducting
circular carrier element 101, such as a Si wafer. The size
of the carrier element may vary depending on the dimen-
sions of the ECPR equipment to be used, but is typically
of the size of standard semiconducting wafers, such as
100, 150, 200, 250, or 300 mm (4, 6, 8, 10, or 12 inches)
in diameter. The upper surface 102 of the master elec-
trode 100 is divided into a plurality of rectangular seg-
ments 103, each segment 103 defining a device pattern,
such as a chip layer, to be transferred to a substrate
during an ECPR process.

[0029] Now turning to Fig. 2, a side view of the master
electrode 100 is schematically shown when arranged in
close contact with a substrate 200 to be plated during
ECPR. It should be noted that the master electrode and
the substrate shown in this figure are not to scale, but
shown only to illustrate different features in a suitable
way. The carrier element 101 extends between a back
side 104 and a front side 105, in such a way that electrical
currentis able to flow between the back side 104 and the
front side 105. The carrier element 101 extends between
a back side 104 and a front side 105, in such a way that
electrical current is able to flow between the back side
104 and the front side 105. At the back side 104, an elec-
trode layer 106 of an electrically conducting material is
arranged. The electrode layer 106 may be formed by
nickel silicide, or any other conducting material being
suitable for a back side electrode layer during ECPR.
[0030] The front side 105 comprises a topographical
pattern 107 with an at least partly electrically insulating
top 108. The topographical pattern 107 is forming a plu-
rality of electrochemical cells 109. That is, the planar sur-
face extending between two adjacent electrochemical
cells 109is covered by an electrically insulating layer 110.
[0031] Each electrochemical cell comprises a bottom
111 and at least one side wall 112 extending from the
bottom 111 to the electrically insulating top 108. The side-
wall of the cavity is covered with an electrically insulating
layer which extends from the surface insulating layer 110
to the point at which the sidewall meets the bottom of the
cavity 111. The bottom 111 has an electrically conducting
surface 113 being conductively connected to the electri-
cally conducting electrode surface 106 on the back side
104 by means of the carrier element 101. Thus, the carrier
element 101 is disposed between the conducting elec-
trode surface 106 and the electrically conducting surface
113. The conductive surface 113 is formed by any ma-
terial being suitable as an anode/cathode in the ECPR.
Preferably, the conductive surface 113 may be formed
by a self-aligned silicidation process.

[0032] Thetopographical pattern 107 extends from the
center of the carrier element 101 radially towards the
edge of the carrier element 101 and ends at a circular
periphery arranged at a specific distance from the edge
of the carrier element. The outer area 119 of the carrier
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element 101 notbeing occupied by the topographical pat-
tern 107 is recessed such that the outer area is not in
close contact with a substrate during ECPR. Preferably,
the radial distance between the outer periphery of the
topographical pattern 107 and the edge of the carrier
element 101 is between 2.5 mm and 10 mm, and the
width of the recessed part 119 of the carrier element is
preferably 2 to 5 mm. The annular recess 119 is formed
by using a resist mask and a deep silicon etch or by me-
chanical grinding or dicing of the carrier element 101.
Preferably the depth of the recess region 119 is between
100 and 200 microns deep. The recessed part 119 of the
carrier element 101 is formed in order to provide enough
space for arranging an electrode at the edge of the sub-
strate to be plated during ECPR, without touching ordam-
aging the master electrode. Furthermore, the surfaces
of the recessed region 119 are passivated with an insu-
lating material such as silicon dioxide or silicon nitride so
that the electrodes connected to the substrate are not
electrically connected to the master electrode.

[0033] The surfaces of the region outside of the topo-
logical pattern 107 including the recessed portion 119 of
the carrier element and the edge of the carrier element
101 are passivated with an electrically insulating mate-
rial. This prevents unwanted parasitic current flowing at
the edges of carrier during the ECPR pattern transfer.
[0034] During ECPR, the master electrode 100 is put
in close contact with a substrate 200 to be plated. The
substrate 200 is provided with a seed layer 201 of elec-
trically conductive material, such that conductive ions
may be plated onto said seed layer 201.

[0035] Now turning to Fig. 3, a top view of an ECPR
master electrode 300 is shown. The master electrode
300 has a topographical pattern 307 on the front side,
i.e. the side of the master electrode 300 that will face the
substrate to be plated during ECPR. The topographical
pattern 307 is distributed circularly across a device area
301 and a dummy area 302. Thus, the topographical pat-
tern 307 may comprise the device area 301 and the dum-
my area 302. The device area 301 comprises a plurality
of adjacently arranged rectangular chip areas 303, and
the dummy area 302 surrounds said device area 301
such that the outer periphery of the topographical pattern
307 is circular. The chip areas 303 may have the same
topographical pattern, such that the device area 301
comprises a number of repeated rectangular chip areas
303. In this way several chips, intended for the same use
and application, may be manufactured in a single printing
step.

[0036] The dummy area 302 of the topographical pat-
tern 307 comprises a distribution of electrochemical cells
representing dummy features, i.e. features not being
used as device components but only for providing proc-
ess stability or uniformity during ECPR. In this case, the
dummy features are simple patterns preferably arranged
periodically, such as holes/pillars, lines/spaces, etc.,
wherein the pattern density of the dummy features cor-
responds to the pattern density of the chip areas 303.
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Consequently, the current flow will be uniform at the edge
ofthe device area 301 during ECPR, and the plating thick-
ness will thus be homogenous over the complete device
area 301.

[0037] The master electrode 300 of Fig. 3 is preferably
manufactured by a lithographic process involving two
separate exposure steps. At a first step, the device area
301 is provided by stepper or scanner technology, which
is a well established process for providing rectangular
chip pattern on a semiconducting carrier element, such
as a Si wafer. A stepper or scanner may here be used
for providing the chip pattern with low defectivity and high
resolution. As a second step, a mask aligner may be used
for providing non-critical dummy features which have a
pattern density being matched to the stepper/scanner
pattern. Preferably, the two-step lithographic process al-
lows for automatic alignment of the dummy pattern to the
stepper/scanner pattern using alignment marks. Prefer-
ably, the carrier element is subject to an etching process
when the critical features and the dummy features have
been defined on the carrier element, such that the com-
plete topographical pattern is etched in a single step.
[0038] The pattern density of the device area 301 is
usually in the range of 10 to 80 percent, and the pattern
density of the dummy area 302 is thus preferably
matched to this value. In a preferred embodiment, the
pattern density of the dummy area 302 corresponds to
the pattern density of the device area 301 = 10%.
[0039] Now turning to Fig. 4, a top view of an ECPR
master electrode 400 according to another embodiment
is shown. The master electrode 400 has a topographical
pattern 407 on the front side, i.e. the side of the master
electrode 400 that will face the substrate to be plated
during ECPR. The topographical pattern 407 is distribut-
ed across a device area 401 and a dummy area 402. The
device area 401 comprises a plurality of adjacently ar-
ranged rectangular chip areas 403, and the dummy area
402 surrounds said device area 401. The chip areas 403
may have the same topographical pattern, such that the
device area 401 comprises a number of repeated rec-
tangular chip areas 403. In this way several chips, in-
tended for the same use and application, may be man-
ufactured in a single printing step. The dummy area 402
equally comprises a multitude of individual and rectan-
gularsub dummy areas 412, such thatthe outer periphery
of the topographical pattern 407 is approximately circular
by means of a stepped pattern. The dimensions of the
individualand rectangular subdummy area412 are much
less than the dimensions of the rectangular chips 403.
[0040] The dummy area 402 of the topographical pat-
tern 407 comprises a distribution of electrochemical cells
representing dummy features, i.e. features not being
used as device components but only for providing proc-
ess stability or uniformity during ECPR. In this case, the
dummy features are simple patterns, such as holes/pil-
lars, lines/spaces, etc. These patterns may be repeated
over the dummy area 402, such that the pattern density
of the dummy features corresponds to the pattern density
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of the chip areas 403. Consequently, the current flow will
be uniform at the edge of the device area 401 during
ECPR, and the plating thickness will thus be homoge-
nous over the complete device area 401.

[0041] The master electrode 400 of Fig. 4 is preferably
manufactured by a lithographic process involving two
separate exposure steps. At a first step, the device area
401 is provided by stepper or scanner technology, which
is a well established process for providing rectangular
chip pattern on a semiconducting carrier element, such
as a Si wafer. The stepper scanner may here be used
for providing the chip pattern with low defectivity and high
resolution such that the chip pattern extends to the edge
of the carrier element. After exposure of the pattern 403
a second mask is used on the stepper to expose the
dummy pattern 402. The second exposure on the stepper
is preferably performed without unloading the wafer in
order to obtain excellent alignment between the two pat-
terns 403 and 402. The size of the exposure field for the
dummy pattern is made small compared to the size of
the die in region 403 so that the pattern is terminated in
a near circular pattern.

[0042] Preferably, the carrier element is subject to an
etching process when the critical features and the dummy
features have been defined on the carrier element, such
that the complete topographical pattern is etched in a
single step.

[0043] The recessed portion 409 of the carrier element
403is preferably created before patterning of the patterns
401 and 402. The preferred methods for creating the an-
nularrecess 409 include lithography using a mask aligner
followed by deep silicon etching, or by dicing using a
custom designed dicing blade.

[0044] It is readily understood that all references to
lower/upper are merely for illustrative purposes, without
any limiting effect on the scope of protection.

[0045] In the claims, the term "comprises/comprising”
does not exclude the presence of other elements or
steps. Additionally, although individual features may be
included in different claims, these may possibly advan-
tageously be combined, and the inclusion in different
claims does not imply that a combination of features is
not feasible and/or advantageous. In addition, singular
references do not exclude a plurality. The terms "a", "an",
"first", "second" etc do not preclude a plurality. Reference
signs in the claims are provided merely as a clarifying
example and shall not be construed as limiting the scope
of the claims in any way.

Claims

1. An ECPR master electrode (100, 400), comprising
acircular carrier element (101) having an electrically
conducting electrode surface (106) on a back side
(104) and a topographical pattern (107, 407) with an
at least partly electrically insulating top (108) on a
front side (105) of said carrier element (101),
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said topographical pattern comprising a plurality of
electrochemical cells (109) in said carrier element
(101), each one of said electrochemical cells com-
prising a bottom (111) and at least one side wall
(112), said bottom having an electrically conducting
surface (113) being conductively connected to the
electrically conducting electrode surface (106)
through the carrier element (101), wherein

said topographical pattern (107, 407) comprises a
chip pattern and a dummy pattern, and wherein
said chip pattern is distributed across a device area
(301, 401) comprising at least one rectangular chip
area (303, 403), while said dummy pattern is distrib-
uted across a dummy area (302, 402) surrounding
said device area (301, 401).

The ECPR master electrode according to claim 1,
wherein said device area (301, 401) comprises a plu-
rality of adjacently arranged rectangular chip areas
(303, 403).

The ECPR master electrode according to claim 1 or
2, wherein said dummy pattern is arranged as a pe-
riodic repetition of a predetermined pattern density.

The ECPR master electrode according to any one
of claims 1 to 3, wherein said dummy area (302) is
terminated by a circular periphery.

The ECPR master electrode according to any one
of claims 1 to 3, wherein said dummy area (402)
comprises a plurality of sub dummy areas (412),
wherein the dimensions of each sub area (412) is
less than the dimensions ofthe chip areas (303, 403).

The ECPR master electrode according to any one
of claims 1 to 5, wherein the topographical pattern
(107, 407) is extending radially across the front side
of said carrier element (101) from a centrally aligned
position towards the edge of said carrier element
(101), and wherein the carrier element (101) com-
prises an annular recess outside the circular topo-
graphical pattern (107, 407).

The ECPR master electrode according to claim 6,
wherein said annular recess extends to the edge of
the carrier element (101).

A method for providing an ECPR master electrode,
comprising the step of:

providing a circular carrier element having an
electrically conducting electrode surface on a
back side and a topographical pattern with an
atleast partly electrically insulating top on a front
side of said carrier element, said topographical
pattern comprising a plurality of electrochemical
cells in said carrier element, each one of said
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10.

11.

12.

electrochemical cells comprising a bottom and
at least one side wall, said bottom having an
electrically conducting surface being conduc-
tively connected to the electrically conducting
electrode surface on the back side through the
carrier element,

wherein the step of providing said topographical
pattern comprises:

distributing said topographical pattern
across a chip pattern and a dummy pattern,
and

distributing said chip pattern across a de-
vice area comprising at least one rectangu-
lar chip area, while distributing said dummy
pattern across a dummy area surrounding
said device area.

The method according to claim 8, wherein said top-
ographical pattern is provided by a first lithography
process defining said device area, and a second li-
thography step defining said dummy area.

The method according to claim 9, wherein said first
lithography process is a stepper or scanner process.

The method according to claim 9 or 10, wherein said
second lithography process is a stepper process,
scanner process, or a mask aligner process.

The method according to any one of claims 8 to 11,
further comprising the step of providing an annular
recess extending from the edge of the carrier ele-
ment towards the dummy area.
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